We present the latest results on the spectroscopy of orbitally excited strange bottom mesons from ∼ 1 fb −1 of CDF data. The measurements are performed with fully reconstructed B decays collected by the CDF II detector at √ s = 1.96 TeV in both the di-muon and the fully hadronic trigger paths.
Introduction
Mesons containing one heavy quark are a useful laboratory to test QCD models. In the limit of heavy quark mass m Q → ∞, heavy mesons' properties are governed by the dynamics of the light quark. As such, these states become "hydrogen atoms" of hadron physics. In this Heavy Quark Symmetry approach (see references 1 ) the quantum numbers of the heavy and light quarks are separately conserved by the strong interaction. For the bottom B-mesons the heavy bottom quark spin, s Q = 1 2 + , couples with the light anti-quark momentum j q = s q + L, where
− is the spin of the light anti-quark and L is its angular momentum. Hence for P -wave (L = 1) mesons we obtain two j q = 3 2 + states, the J P = 2 + , 1 + states, and two
+ states, the J P = 0 + , 1 + states. The sketch of the B sJ -states with their possible strong decays to lower lying non-strange B u,d mesons and K-mesons are shown in Fig. 1 . In our analysis we do not consider exotic modes (e.g. B sJ → B s π 0 ) for which isospin is not conserved. The mass predictions from several authors are summarized in Table 1 In this report we present results on the search for and observation of narrow
+ states of strange bottom mesons.
Triggers and Datasets
Our results are based on data collected with the CDF II detector and corresponding to an integrated luminosity of ∼ 1 fb −1 . As pp collisions at 1.96 TeV have an enormous inelastic total cross-section of ∼ 60 mb, while bhadron events comprise only ≈ 20 µb (|η| < 1.0), triggers selecting b-hadron events are of vital importance. The triggers set in the CDF II detector for b-physics studies are based on leptons and displaced tracks.
One of these is a dimuon trigger with a low muon transverse momentum threshold of 1.5 GeV/c. It reconstructs at Level 1 track pairs in the CDF central tracker COT. The tracks are then matched to hits in the CDF muon chambers. At Level 3 a full reconstruction is made and a dimuon mass
.0] GeV/c 2 around the mass of J/ψ is applied. This trigger saves B-mesons through the mode requiring each of these tracks to have impact parameter measured by the CDF silicon detector SVX II larger than 120 µm. The excellent impact parameter resolution of SVX II makes this challenging task possible. The Two Track Trigger is efficient for heavy quark hadron decay modes. It triggers another fundamental mode used in this analysis, namely
Event Selection
To avoid absolute mass scale systematic uncertainties, we search for narrow signatures in a mass difference distribution
is the invariant mass of the B + candidate, and M(K − ) is the P DG mass of the kaon. In the mode (see Fig. 1 9 . The neural networks have been trained on background patterns using experimental data. To train the neural network for a signal pattern we have used Monte-Carlo simulated data having the same invariant mass distribution as the experimental background events to avoid a bias to the signal. The distribution of the neural network output for the neural networks trained individually for two B sJ decay modes is shown at Fig. 2 . and denominator is taken from data. The cut values are found to be N N > 0.5 for
Only events with fewer than four B sJ candidates are allowed, in order to suppress further the combinatorial background.
Results
The Q-value spectra for every reconstructed decay mode of Fig. 3 (two upper plots). The spectra have been fit using an unbinned maximum likelihood method. As Table 2 . Summary of fit results, errors are statistical only both decay modes have similar background shapes we add statistically both subsamples and proceed with the final fit, see the Fig. 3 bottom plot. The numerical results of the fits are summarized in Table 2 . Using a ratio of the original likelihood to the one of the fit with the null hypothesis, −2 · ln L/L 0 , we obtain a significance of 6.3σ for the peak at 10.73 MeV/c 2 and of 7.7σ for the peak at 66.96 MeV/c 2 . The statistical experiments with background generated according to our data and the sole peak at 66.96 MeV/c 2 yield a p-value of 2.13 · 10 −7 for the newly established signal at 10.73 MeV/c 2 .
Summary
We have presented the observation of two narrow peaks in the mass difference 
